Monckton Copeman was educated at King Edward VI School, Norwich, and at Corpus Christi College, Cambridge, of which he was successively scholar, exhibitioner and prizeman. He With the encouragement of Sir Michael Foster and later of Lord Lister, Copeman entered on physiological and medical research while he was demonstrator of physiology and morbid anatomy at his hospital. Later he became assistant lecturer in physiology and research scholar of the British Medical Association. His early researches were on the physiology and morbid conditions of the blood. With J. S. Bristowe he studied paroxysmal haemoglobinuria; and with C. S. Sherrington in the physiological laboratory of St. Thomas's Hospital he made observations on the variations experimentally produced in the specific gravity of the blood, and described a method for determining it in the living animal. He reported on the medico-legal detection of human blood and on the specific gravity of the blood in disease. As From 1891, therefore, Copeman's active medical life was spent in the service of the Local Government Board and its successor, the Ministry of Health. At the Board he did his outstanding work on variola and vaccinia wkich will be described later.
For these researches he received many distinctions. 4 He distinguished himself, as we have seen, in many fields of science and medicine with energetic endeavour. He was in addition an observant naturalist and biologist. As a Fellow and Member of the Council of the Zoological Society of London he guided its work on scientific lines. His prompt action in 1927 in dealing with an outbreak of anthrax prevented the spread of infection among the Society's keepers and animals.
Personal Characteristics. Copeman was tall and good-looking. He both wrote and spoke well. He was kind and generous, a good friend and adviser to his younger colleagues. We shared a room together at the Ministry of Health for several years; and I found him a delightful companion and admired his wide culture and scientific wisdom. He was an expert photographer and frequently used his camera to illustrate his medical, scientific and natural history writings.
In In the seventeenth century, and, indeed, well into the eighteenth century, the orthodox treatment of smallpox comprised isolation of the patient, rest in bed in a hot, ill-ventilated room, frequent blood-letting and over-drugging. Sydenham, who rejected the belief that the disease was contagious, said he saw no reason why the patient should be stifled in bed; and allowed him to rise and get up for a few hours every day. Sydenham's 'cooling method' was as follows: no fire in the room, windows open and bedclothes 'laid no higher than the waist.' For drink he allowed small beer. Under this mild treatment his patients did well, but few doctors adopted it, for his medical rivals stated that the whole of Sydenham's treatment of smallpox consisted in doing nothing. 6 3
INOCULATION
When the eighteenth century was young the first steps in the prevention of smallpox by inoculation (Variolation) were made in Great Britain. Its initial traces are to be found in Asia and Africa (Klebs). The Chinese, the Brahmins of India, the Arabians and the Africans all knew from earliest times that the inoculation of matter from a mild case of smallpox often produced a slight form of the disease which would protect against a severe infection. In China the usual method was to insert smallpox crusts into the nostrils of the patient, whereby the disease was communicated through the respiratory tract. Variolation was also in early use in parts of Wales and in the Highlands of Scotland.
In the early eighteenth century inoculation was regularly practised in Turkey. In 1713 Dr. Emmanuel Timoni, a Greek physician in Constantinople, gave an account of this to the Royal Society. In 1716 Sir Hans Sloane, M.D., F.R.C.P., the President, described the practice of inoculation in Turkey in the Philosophical Transactions. His information was obtained from Dr. James Pylarini, who had published a dissertation on the subject in the previous year. As Copeman 20 ,000 persons without a single fatality. Another inoculator, named Adams, succeeded in obtaining a very attenuated virus which usually gave rise to only one vesicle at the site of puncture and a very mild form of smallpox.
A noteworthy inoculator was Thomas Dimsdale, M.D. (1712-1800), King's College, Aberdeen, and Estra-Licentiate of the College of Physicians, London. After serving as a surgeon in the '45, he went into practice and in 1767 published a book on The Present Method of Inoculating for the Smallpox, which had a great vogue and made his reputation. In 1768 the Empress Catherine of Russia invited him to St. Petersburg where he inoculated, successfully, the Empress and her son, the Grand Duke Paul. He received a fee of £10,000 with £2,000 for travelling expenses, was created Baron, Councillor of State and physician to the Empress, and given an annuity of £500. On return to England he sat in two parliaments as M.P. for Hertford. In 1784 he again visited Russia to re-inoculate the Empress and inoculated her two grandsons, Alexander and Constantine. 8 Despite royal and medical approval and successful results, there was much opposition to inoculation. Some of the clergy and their parishioners considered the remedy as unnatural and impious. William Heberden, junior, contended that by its means smallpox was spread, and, occasionally, deaths followed inoculation. Dimsdale, however, claimed that in his series of 1,500 cases no death had occurred. Certainly the inoculated patient, in many cases, spread smallpox to unprotected persons. Copeman observed that the records of the Smallpox Hospital for a series of years agree with Dr. Gregory's estimate of one death in 500 inoculated persons. He also quotes Sir Thomas Watson with approval. This distinguished physician said the method protected the individual but filled the country with contagion, so that while the relative mortality (the percentage of deaths from smallpox) was lessened by this practice the absolute mortality was fearfully increased. For this reason, as early as 1762, the practice of inoculation was made illegal in France. Further disadvantages were that inoculation kept smallpox alive in Great Britain, and in many cases the treatment was expensive, drastic and exhausting.
F. J. Fosbroke9 gave the following account of Edward Jenner's inoculation in 1760:
He was a fine, ruddy boy, and at eight years of age, was, with many others, put under a preparatory process for inoculation with the smallpox. This preparation lasted six weeks. He was bled to ascertain whether the blood was fine; he was purged repeatedly, till he became emaciated and feeble; was kept on a very low diet ... and dosed with a diet-drink to sweeten the blood. After this barbarism ofhuman veterinary practice, he was removed to one ofthe usual ioculation stables and haltered up with others in a terrible state of disease.
This horrifying experience as a child assuredly inspired Jenner with a desire to prevent smallpox by some more humane method.
PRECURSORS OF JENNR
The milkmaids of Gloucestershire knew for a long time before Jenner's day that cowpox protected them from smallpox, though this belief was usually regarded as a piece of folklore. The first to inoculate cowpox as a safeguard against smallpox was 5 Sir Arthur S. MacNalty, K.C.B. Benjamin Jesty, a farmer of Yeominster in Dorsetshire, who, himself, had had cowpox by contagion from a cow. In 1714 he inoculated his wife and two sons, aged respectively three and two years with cowpox. His wife and family remained proof against smallpox inoculation and contagion.
Another cowpox inoculator was Peter Platt of Holstein. He was tutor in a family at Sch6nwade, Holstein, and learned from the milkmaids that cowpox protected them. Somewhat crudely, he vaccinated his employer's three children in 1791, by making incisions on the back of the hand between the thumb and forefinger. This was successful; and three years later when smallpox occurred in Schonwade, the vaccinated children were the only ones unattacked by the disease. Neither Jesty nor Platt went further; they were contented with their isolated success. Jenner early developed a liking for natural history and made collections of birds' eggs, plants and fossils. He had a brief five years' schooling, first at Wotton-underEdge and later at Cirencester. At 13 he was apprenticed to Mr. Daniel Ludlow, a surgeon at Sodbury. In 1770 he entered St. George's Hospital, and, when he was 21 he went as house pupil to John Hunter. Master and pupil soon became firm friends. Not-only were they both interested in surgery, but their liking for natural history was another link, and Jenner must have learned much from Hunter about comparative anatomy. These two years were wonderful and happy for Jenner, when he sat at the feet of the great surgeon.
Jenner was not an ambitious man, and his heart was fixed on his birthplace. Amid the smoke and noise of London he longed for country air and peace in the pleasant Vale of Berkeley, where the River Severn after long wandering broadens as it winds towards the sea. So he discarded all opportunities for fame and fortune in London. For instance, one was John Hunter's offer of a share in the school of natural history which Hunter proposed starting; another was the post of naturalist in the next expedition of Captain Cook. Jenner had arranged and catalogued the botanical specimens brought home by Joseph Banks (afterwards Sir Joseph Banks, Bt., P.R.S.) who accompanied Cook as naturalist in his first expedition. Instead, Jenner returned to Berkeley where he led the life of a country doctor and found time for natural history. Hunter corresponded with him and often suggested experimental researches.
In 1778, when Jenner was crossed in love Hunter wrote: I own I was glad when I heard you was married to a woman of fortune; but let her go, never mind her. I shall employ you with Hedge Hogs, for I do not know how far I may trust mine.
An unusual consolation for a disappointed lover! Like Sir Walter Scott, Jenner's heart 'was handsomely pieced.' In 1788 he married 6 Prevention of Smallpox: From Edward Jenner to Monckton Copeman Catherine Kingscote. They had three children; Edward who died young of consumption, Catherine and Robert. John Hunter was godfather to Edward.
It was concerning hedgehogs that Hunter gave his memorable and most valuable advice to Jenner: 'I think your solution is just; but why think, why not try the experiment?' Soon after Jenner had settled at Berkeley, Hunter asked him to study the natural history of the cuckoo. Jenner's observations were prolonged, and it was not until the winter of 1786-7 that he drafted a letter which Hunter presented to the Royal Society as a paper on 29 March 1787. Jenner made some further important observations and included these in an expanded and revised paper which was also sponsored by Hunter and read to the Royal Society on 27 December 1787. It was published in 1788 in the Philosophical Transactions. In this paper Jenner describes the wanton behaviour of the female cuckoo, attended by several male cuckoos; her laying of eggs in other birds' nests; the feeding of the rapacious interloper by the deluded foster-parents; the ability of the two-day-old cuckoo to throw a young nestling, for instance a hedge-sparrow, out of the nest; and the appearance of a temporary depression on the infant cuckoo's back, which serves as a cup for the unhatched eggs or freshly hatched nestling about to be thrown out.
Jenner's careful observations were received with surprise and even incredulity up to modern times. Waterton 
', figuring a boy who was stated to have an ox-face after vaccination. Misguided clergymen preached sermons on the sinfulness of vaccination. Cases were published in which smallpox had occurred after vaccination. Probably, the patients were previously incubating the disease. Harm to the method was also due to a Dr. Woodville who distributed lymph from the Smallpox Hospital which he called 'Jenner's lymph', all over Europe. Jenner explained this lymph had been contaminated with smallpox virus. It produced a mild general smallpox eruption.
So fearful were the ravages of smallpox and so ineffective was inoculation in checking epidemics of it that the practice of vaccination steadily made its way. Without consulting Jenner, an institution for free vaccination, with royal patronage, had been set up by Dr. Woodville, Dr. Pearson and others. Jenner disapproved of the organization, and refused to be an 'Extra Consulting Physician'. The Duke of York and others withdrew their patronage.
In 1800 Jenner was presented to the King, the Queen and the Prince of Wales by Lord Berkeley. The King graciously accepted a copy of the Inquiry. In 1792 Jenner had been given the M.D. degree of St. Andrews University on the recommendation of J. H. Hickes of Geneva and C. H. Parry, M.D., of Bath. In 1813 he received an honorary M.D. from the University of Oxford, a rare distinction. In those days the statutes of the College of Physicians prohibited the admission of a fellow unless he passed the required examination in Latin, so Jenner never became one, although some of his friends made an application to the College on his behalf.
By this time his fame was world-wide. When Jenner applied for the release of two British friends imprisoned in France after the Peace of Amiens had been broken, Napoleon granted the request, saying, 'Ah, Jenner! We can refuse nothing to that man'. In June 1802 a grant of £10,000 was made by Parliament to Jenner; and in July 1807 Parliament made a further grant of £20,000. It was pointed out that he had reaped no advantage from his great discovery; and that he had suffered financially from devoting so much time to vaccination both in medical practice and in out-ofpocket expenses.
Many honours from all quarters of the globe were bestowed on Jenner. He was made an honorary fellow of numerous medical and scientific societies, received the Freedom of the City of London in a gold box, which is now the property of our Worshipful Society; the Freedoms of Edinburgh, Glasgow, Liverpool, Dublin Outbreaks of smallpox had occurred in the intervening years between 1841 and 1871, but not on any large scale. In its first year the Local Government Board was faced with the great epidemic of 1871-1872. This epidemic exploded suddenly, prevailing in the towns and industrial counties, especially in London, and attacked young persons and adults more than infants and children. Since 1841 a whole generation had grown up for the most part unprotected from smallpox. For an account of this epidemic and of antecedent epidemics of smallpox Creighton's A History of Epidemics in Britain15 should be consulted.
ARM-TO-ARM VACCINATION
When Copeman became a medical inspector of the Local Government Board in 1891, arm-to-arm vaccination was commonly practised. The objections to it were as follows: (1) the possible attenuation of the virus by repeated human transmission. Jenner originally referred to this risk. ( 2) The danger of transmitting other diseases along with vaccinia. The serious diseases that might be so conveyed were erysipelas, tuberculosis and syphilis. Dr. Cory in an experiment similar to and as disastrous as that of John Hunter, acquired the last-named disease by inoculating himself with lymph taken from the arm of a syphilitic infant. Sepsis was another hazard; this was brought about, either by accidental injuries or by the use of unsterilized dressings.
Sir Arthur S. MacNalty, KC.B.
CALF-TO-ARM VACCINATION
Following on the results of investigations made by Sir George Buchanan, the elder, and Dr. Cory, direct vaccination of lymph from calf to arm was done at the Government Animal Vaccine Establishment at Lamb's Conduit Street and at the National Vaccine Station established at St. Mary Abbots, Kensington, with Dr. Cory as Director, in 1881. The lymph sent out was usually preserved by drying on ivory points. Calf-to-arm vaccination also presented difficulties and was not always successful. Sir George Buchanan, as Medical Officer of the Local Government Board, urged caution in adopting the method instead of arm-to-arm vaccination in view of its uncertainty, as a large proportion of calf lymph failed to take. Copeman began his great research by investigating this question.
COPEMAN S TRIUMPH BASED ON SCIENTIFIC INVESTIGATION
Copeman first proved that the lack of efficacy observed with calf lymph was because the lymph lost its potency when kept in the fluid state dried on ivory points and was less reliable than humanized lymph. The experiments made to overcome these defects led him to make his great practical discovery. He first tried exposing the lymph to temperatures which should kill the bacteria present in it. The results were confficting and unsatisfactory. In his own words:
Some method of readier appi;cation and requiring less delicate pulation was therefore obviously desirable. This I at lngth found in the addition to the lymph or rather to the vesicular pulp obtained from a vaccinated calf, of a sIected 50 per cent solution of glycerine in distilled water. (Milroy Letres, 1898, Chap. IV).
Copeman, as he always acknowledged, was not the first to add glycerine to vaccine lymph. Dr. R. R. Cheyne, in the Medical Times in 1850, advocated this practice. On the continent of Europe others also used glycerine for diluting and preserving vaccine lymph, for example, in vaccine establishments in France, Belgium, Holland and Germany. MUller reported, in 1869, that vaccine lymph could be diluted with three times its bulk of glycerine and yet remain effective. These previous observations in no way detract from the merit of Copeman's discovery, for he was the first to demonstrate the selective germicidal action on the extraneous bacteria of calf vaccine lymph. When this was proved as a scientific fact, suitable techniques of preparing glycerinated calf lymph were devised.
In 1896 and in 1897 Dr. Copeman with the Medical Officer of the Local Government Board, Sir Richard Thorne Thorne, visited Paris, Brussels, Berlin, Cologne, Dresden and Geneva to ascertain the methods in these cities respecting the distribution of vaccine lymph including its preparation and storage. They were pleased to find that since Copeman's results had been published, in each of the countries visited, vaccination with glycerinated calf lymph had become almost universal. This was notably so in Germany where arm-to-arm and calf-to-arm vaccinations had been abandoned.
After these visits Sir Richard Thorne Thorne recommended: (1) that vaccination, both primary and secondary, carried out under the auspices of the British Government, should be performed exclusively with vaccine lymph derived from the calf; (2) that the distribution of calf vaccine from the National Vaccine Establishment 12 should be limited to glycerinated or similar preparations of lymph and pulp material, in air-tight tubes, or other glass receptacles; (3) that the Board's Animal Vaccine Station should be reorganized both as regards construction and administration, and that it should include a properly equipped bacteriological laboratory under the direct supervision of a bacteriological expert.
These recommendations were given effect by the provision of the Vaccination Act of 1898 and the Vaccination Order (1898) of the Local Government Board, and a new laboratory was provided at Chelsea under the charge of Dr. F. R. Blaxall. The distribution of glycerinated calf-lymph began on 1 January 1899. By 1907 the work had so greatly increased that a new institution known as the Government Lymph Establishment was set up under the direction of Dr. Blaxall, where the whole process of vaccination lymph manufacture and distribution was done. Thus, as a result of Copeman's work, arm-to-arm vaccination was abolished and vaccination was made a much simpler and safer operation. 20 The mortality rate was 0.25 per cent as compared with a mortality rate of 32 per cent in smallpox (variola major). In both types of smallpox the early symptoms-headache, backache, vomiting, shivering and pains in the chest-are the same. The rash also appears on the third or fourth day, but the lesions are more superficial. Alastrim breeds true, only a mild illness following contact infection. Vaccination is an efficient prophylactic.
Copeman studied alastrim with interest, visited a number of patients, and took photographs of the rashes which he showed and explained to me and other colleagues. Fortunately, as I have said, smallpox vaccination protects against alastrim and the disease never reverts to virulent smallpox. The two viruses are serologically indistinguishable; they can be separated by their different pathogenicity for the chick embryo.
The virus of variola minor is unable to produce pocks on the chorio-allantoic membrane at 38.5C., though the pock producing capacity of the virus of classical smallpox is unaffected at this temperature. 
